Vajner L., V. Konrádová, J. Uhlík, J. Zocová: Mucin Histochemistry of Tracheal Goblet Cells after Oral Administration of Ambroxol. Acta Vet. Brno 2001, 70: 9-13. Previous studies on the effect of various mucolytic drugs on the tracheal epithelium ultrastructure revealed ambroxol as the most harmful one. To complete these studies, we decided to evaluate the effect of ambroxol on the glycoconjugate content in the secretion of tracheal goblet cells.
Ambroxol, the most frequently used mucolytic agent in clinical practice, affects both ciliated and secretory cells in the respiratory system. It stimulates ciliary activity as well as incorporation of precursors into phospholipids in granular pneumocytes causing thus a decrement of mucus adhesion to the hypophase. According to pharmacological studies, it facilitates incorporation of hydrolytic enzymes into lysosomes of the airways' secretory cells. Activation of these acidic mucopolysaccharide-degrading enzymes leads to a decrease of the sputum viscosity (·míd and Holcát 1994) . In our previous studies, reactions of the rabbit tracheal epithelium to oral administration of a single therapeutic dose of 6 various mucolytic drugs were compared. The adverse effect of ambroxol was the most pronounced (Konrádová et al. 1985ab; 1996a) . More than ninety seven per cent of the goblet cells had been stimulated to discharge their mucus. They either released their secretion from apical granules and/or detached packets of granules (14.5%) or were completely evacuated (83%) and only remnants of their degenerated cytoplasm were left in the epithelium. On the other hand, the cells of the rabbit terminal bronchiole revealed only mild signs of pathological alteration after oral administration of ambroxol and the secretory activity of Clara cells did not differ from that found in controls (Uhlík et al. in press) . Lamb and Reid (1972) and Damyanov (1987) deduced a common tendency to the decrease of sialylated glycoconjugates and the increase of sulphated ones as the reaction to any alteration of the tracheal epithelium.
To complete the study, changes of the glycoconjugate content of the tracheal goblet cells were studied under the same experimental conditions using both conventional and lectin histochemistry.
Materials and Methods
Seven SPF New Zealand White male rabbits (Charles River, Sulzfeld, Germany) of the average body weight 2219 ± 484 g were used. Three of them were orally given 1 ml of Mucosolvan sol. (Boehringer Ingelheim International GmbH, Ingelheim, Germany), i.e. a dose routinely used in infants of the age up to one year. This volume contained 7.5 mg of ambroxol (2-amino-3,5-dibromo-N-[trans-4 hydroxy cyclohexyl] benzylamine). The material was collected under general anaesthesia (ketamine 35 mg/kg and xylazine 5 mg/kg intramuscularly) and local subcutaneous infiltration of the ventral cervical field with procaine, 20 min post exposure. Four rabbits served as untreated healthy controls, the material was collected immediately after the induction of anaesthesia. The experimental procedures were approved by the Animals Protection Expert Commission of the Faculty.
The middle portions of tracheae between the 15 th and 20 th tracheal rings were sampled. The formalin-fixed samples were processed by the routine paraffin-embedding method. Serial sections 5-7 µm thick were made. The combined staining method of Alcian Blue at pH 2.5 (AB 2.5) followed by PAS-reaction according to Mowry and Winkler (1956) was used to reveal both total acidic and neutral glycoconjugates. Selective staining of acidic sulphated glycoconjugates was obtained using Alcian Blue at pH 1.0 (AB 1) (Kiernan 1981) . Acidic nonsulphated (sialylated) glycoconjugates were counted as the difference between total acidic and acidic sulphated glycoconjugates. To detect sialylated glycoconjugates directly, the methods of in situ lectin histochemistry were used. At first, we used the Sata's modification (Sata et al. 1990 ) of digoxigenin-labelled lectin reaction, visualised by the alkaline phosphatase (AP)-X-phosphate (BCIP)-nitroblue tetrazolium (NBT) system (Boehringer Mannheim Biochemica, Germany). In this study, both Maackia amurensis agglutinin (MAA), detecting terminal N-acetylneuraminic acid (2-3) glycosidically linked to galactose, and Sambucus nigra agglutinin (SNA), detecting terminal N-acetylneuraminic acid α(2-6) glycosidically linked to galactose or N-acetylgalactosamine, were employed. The Tritrichomonas mobilensis lectin (TML) (Calbiochem, La Jolla, USA) possessing the exclusive affinity to various modifications in linkages of both N-acetylneuraminic and N-glycolneuraminic acids was also employed (Babál et al. 1996) . After dewaxing and rehydrating, the endogenous AP was blocked (Blocking reagent, Boehringer Mannheim Biochemica, Germany) and sections incubated with TML in the concentration 30 µg/ml for 60 min. The non-specific binding sites to the primary antibody were blocked by 10-min submersion in 5% low-fat milk. Then the sections were incubated with the primary monoclonal antibody against TML (Calbiochem, La Jolla, USA) in the dilution 1:100 for 20 min. As the last step, the secondary polyclonal rabbit antibody against the whole molecule of the mouse IgG, labelled with AP (Sigma-Aldrich Chemie, Deisenhofen, Germany) in the dilution 1:50 for 30 minutes, followed by BCIP-NBT visualisation, was used. Blocking endogenous AP was verified by omitting the first step of the method. Specific lectin binding was verified by 15-min incubation of lectins with control substrates -transferrin and fetuin -preceding the incubation with sections.
Only goblet cells containing well-developed granules with the positive reaction were evaluated. Marginal sections of the cells as well as differentiating or empty secretory elements were not included. The absolute numbers of evaluated goblet cells were 398 and 402 in control and treated animals, respectively.
For statistical evaluation, relative values of the six categories of goblet cells were evaluated by the chi-square test of homogeneity in frequency tables, using the Yates' correction in low frequencies when appropriate. The equivalency of sialylated glycoconjugate-detecting methods was tested by the paired t-test, median (sign) test, and Wilcoxon's paired test.
Results
The tracheae of both control and treated rabbits were lined with the pseudostratified columnar ciliated epithelium composed mostly of ciliated, goblet, and basal cells. The height of the epithelium was 25 to 30 µm. The distribution of secretory elements was irregular.
Using conventional histochemical methods, the secretory elements revealed typical staining patterns according to the type of glycoconjugates they contained.
The positive reaction of MAA was featured mostly with the intensive staining of the whole volume of mucous granules in a goblet cell. Sometimes, the mucous granules appeared as densely contrasted rings (Plate IV, Fig. 1 ). The ciliary border was always densely stained, too. TML reacted in a similar way as MAA. SNA-reaction depicted individual mucous granules as tiny rings, staining of the ciliary border was restricted to the close vicinity of apical surfaces of goblet cells.
In healthy control rabbits, we revealed 1.5 ± 2.4% of goblet cells containing mucous granules with neutral glycoconjugates and 71.9 ± 6.4% of goblet cells with acidic sulphated glycoconjugates (Fig. 3) , respectively. We found 26.6 ± 6.4% of the goblet cells containing acidic non-sulphated glycoconjugates. TML-positive sialylated glycoconjugates were found in 26.6 ± 11.5% of goblet cells, MAA-positive ones in 27.9 ± 8.4%, SNA-positive glycoconjugates in 2.3 ± 2.9%, and both MAA-and SNA-positive glycoconjugates in 30.2 ± 9.6% of goblet cells (Fig. 4) .
Twenty min after the administration of 7.5 mg of ambroxol, no goblet cells containing neutral glycoconjugates were discovered. Goblet cells with acidic sulphated glycoconjugates represented 83.1 ± 3.5% (Fig. 3) . We counted the percentage of the goblet cells containing acidic non-sulphated glycoconjugates as 16.9 ± 3.5%. TML-positive sialylated glycoconjugates were found in 19.9 ± 8.4% of goblet cells, MAA-positive ones in 20.4 ± 8.4%, SNA-positive glycoconjugates in 0.5 ± 0.5%, and both MAA-and SNApositive glycoconjugates in 20.9 ± 8.0% of goblet cells (Plate IV, Fig. 4) . Some goblet cells were found completely empty with only a narrow rim of cytoplasmic remnants (Fig. 2) .
Statistical significance of differences between individual groups of goblet cells is shown in Figs 3 and 4 . 
Discussion
As in our previous studies (Vajner 1998; Vajner et al. 2000) , we found both neutral and acidic sulphated and acidic sialylated glycoconjugates in the mucous granules of goblet cells in the tracheal epithelium of the control rabbits. In experimental groups, we identified the same glycoconjugates. The exhausted goblet cells (Fig. 2) were not included in evaluation.
The data obtained by both conventional and lectin histochemistry were almost identical. The dynamics of changes in the percentage of MAA+SNA-positive goblet cells followed the same dynamics in TML-positive goblet cells. The percentage of goblet cells containing the glycoconjugates with the terminal α(2-6)-linked N-acetylneuraminic acid did not reach the zero point.
The change towards dominance of acidic sulphated glycoconjugates was in accordance with studies of many authors on the influence of some noxae affecting the terminal glycosylation (Lamb and Reid 1972; Jones and Reid 1978; Damjanov 1987; Jeffery et al. 1992 ). This tendency was strongly confirmed in our previous papers (Vajner 1998; Vajner et al. 2000) as a result of administration of some bronchospasmolytic drugs or a high dose of acetylcholine. At the level of electron microscopy, Konrádová et al. (1996b Konrádová et al. ( , 1998 documented moderate to severe damage to tracheal goblet cells after administration of the same drugs.
Ultrastructural findings in the tracheal epithelium after the oral administration of ambroxol (Konrádová et al. 1985ab, 1996a indicated the overstimulation of the majority of secretory elements resulting even in their degeneration as well. This finding matched with our findings of some exhausted goblet cells (Fig. 2) . On the other hand, the proportion of the goblet cells containing acidic sulphated and acidic sialylated glycoconjugates was not changed conspicuously.
Based on our results, we arrived at the conclusion that the oral administration of ambroxol only slightly affected the composition of glycoconjugates contained in goblet cells of the tracheal epithelium in rabbits. Changes were evaluated as being on the verge of statistical significance. The apparent discrepancy between ultrastructural and histochemical evaluations could be explained by the rapid, almost complete but proportional release of the individual kinds of glycoconjugates into goblet cells secretion.
Histochemické vy‰etfiení hlenu pohárkov˘ch bunûk trachey po perorálním podání ambroxolu
Pfiedchozí studie prokázaly v˘znaãn˘ po‰kozující úãinek ambroxolu na ultrastrukturu pohárkov˘ch bunûk tracheálního epitelu. Proto jsme se rozhodli studovat úãinek ambroxolu i na sloÏení glykokonjugátÛ v sekretu tracheálních pohárkov˘ch bunûk.
Dvacet minut po perorálním podání 7,5 mg ambroxolu do‰lo v tracheálním epitelu králíkÛ k vymizení pohárkov˘ch bunûk obsahujících neutrální glykokonjugáty. Mezi pohárkov˘mi buÀkami obsahujícími kyselé glykokonjugáty do‰lo ke sníÏení podílu elementÛ s obsahem sialovan˘ch glykokonjugátÛ. Îádn˘ ze sledovan˘ch typÛ glykokonjugátÛ nevymizel úplnû. Zmûny byly na hranici statistické v˘znamnosti. Perorální podání 1 ml Mucosolvanu tedy zmûnilo podíl glykokonjugátÛ v sekretu pohárkov˘ch bunûk králiãího tracheálního epitelu jen lehce. Zdánliv˘ rozpor mezi nálezy ultrastrukturálními a histochemick˘mi lze vysvûtlit rychl˘m, ale proporcionálním uvolÀováním jednotliv˘ch typÛ glykokonjugátÛ do sekretu stimulovan˘ch pohárkov˘ch bunûk.
